explanations, while the rest of trade is motivated by a model of monopolistic competition. Using graphical methods and some simple regressions, Helpman finds that the data appear to be consistent with the models tested.
In this paper we revisit Helpman's tests and reconsider the evidence. We do not substantively amend Helpman's theoretical models. Rather, we apply a combination of different data and different econometric methods and ask whether the data still support the theory's specific predictions. In the course of our investigation, we successfully replicate Helpman's results, pose several new puzzles, and, in the end, find less than overwhelming empirical support for the theory.
The remainder of the paper is organized as follows. In Section II a model in which all trade is motivated by monopolistic competition is presented. This model generates predictions about the volume of trade. Using Helpman's data set comprised of OECD countries, we retest the model's predictions. We also test the model using an alternative data set.5 In Section III a more general model in which some trade is intraindustry while the rest is traditional interindustry (Heckscher-Ohlin) trade is described. We then test the model's predictions concerning the share of trade that is intraindustry. Section IV concludes by summarizing the puzzles generated by the two tests of the theory. Two appendices are also included. In the first we gather the derivations of the estimating equations, while the second describes our data in detail.
II. MONOPOLISTIC COMPETITION AND THE VOLUME OF TRADE
We begin with the simplest model.6 Here, all trade between countries is assumed to be intraindustry trade. Firms each produce a different variety of a differentiated product with an increasing returns to scale technology, and monopolistic competition prevails. An important and testable result generated by this theoretical setup is that relative country size determines the volume of trade between countries. This is in contrast to the traditional factorendowments based explanations for trade in which "differences in relative country size ... have no particular effect (on the volume of trade)."7 5. A summary of some preliminary results using this sort of test is found in Hummels and Levinsohn [1993] .
6. See Appendix 1 for a full description of this model. where VA is the volume of trade between countries in group A, GDPA is the GDP of the group of countries comprising group A, eA is the share of group A's GDP in relation to world GDP, and e-A is the share of country j's GDP in relation to group A's GDP.8
The right-hand side of (1) is a measure of size dispersion that increases as countries become more similar in size. This particular measure of size dispersion comes directly from Helpman's theoretical model. Furthermore, theory dictates exactly how relative country size ought to matter. Put another way, (1) is a structural equation from a model of monopolistic competition and international trade; it is not a reduced-form equation. Helpman also amends (1) and shows how the equation is altered in the presence of trade imbalances. Helpman found that correcting for trade imbalances made virtually no difference to his empirical results. We also find this to be true. For expositional simplicity, we present only the model for the balanced trade case, although empirical estimates are for the unbalanced trade case. 9 Helpman noted that as countries become more similar in size, the volume of trade as a proportion of group GDP should increase. To investigate this hypothesis, he selected a subset of the OECD countries. This seems a judicious choice, for if any group of countries can support the predictions of a model in which all trade is intraindustry, the OECD countries are likely candidates. Using this group of countries, he computed the left-hand side of (1) (the volume of intra-OECD trade relative to OECD GDP) and the right-hand-side index for every year from 1956 to 1981. This yielded 26 points which he then graphed. The resulting graph showed a clear positive correlation between the ratio of intragroup volume of trade to group GDP and the index of size dispersion.
8. The derivation of (1) is provided in Appendix 1. 9. See Appendix 1 for details.
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That is, as country size became more similar, intragroup trade volume rose, hence confirming the theory's prediction.
It is important to note that Helpman (and Krugman) were not the first to suggest a relationship between the volume of trade and some combined measure of trading partners' incomes, nor is their model of monopolistic competition the only way to generate equation (1). Indeed, (1) fits the general form of the "gravity equation" given by VTij = f(Yi,Yj,Z), where VTij is the volume of trade between countries i and j, Yi is a measure of income from country i, and Z may include various measures of trade resistance. While there are many variants of gravity models of international trade, variables often included in Z are measures of distance, trade barriers, and even variables reflecting common language or culture. It is well-known that such an equation fits the data remarkable well, but for years this has been an empirical regularity in search of a theoretical foundation. Anderson [1979] shows how to derive such a result based on the properties of Cobb-Douglas expenditure systems when each good is produced in only one country. Following years of empirical work that included variables like distance and trade barriers, Anderson, and later Bergstrand [1985] , showed why variables such as these might be theoretically justified.
The contribution of monopolistic competition models is not so much the observation that trade volumes are related to GDPs (we already knew that!), but rather in presenting a coherent theory of why product differentiation occurs. That is, the role of monopolistic competition in these models is to insure that all goods are produced in only one country.
Having each good produced in only one country is crucial to deriving (1), and monopolistic competition is one way of generating this outcome. There are other ways. As noted by Leamer [1993] and as reiterated in Leamer and Levinsohn [1995] , one can derive (1) without intraindustry trade if each good is produced in one country and tastes are identical and homothetic. For example, this outcome is generated absent monopolistic competition if one adopts an Armington Assumption. Such an assumption posits that consumers view goods as differentiated by country of origin, and this demand side phenomenon will also give rise to the functional form employed in (1).
With this background in mind, are Helpman's results surprising? On the one hand, they are surprising. The theory that generated the estimating equation seems quite restrictive: every good is produced in only one country, and all countries have identical homothetic preferences. Whether this structure is the outcome of monopolistic competition or of an Armington Assumption does not alter our surprise. We do not view either of these sets of underlying assumptions as particularly plausible. Nonetheless, the data appear consistent with the theories. On the other hand, since the theory's prediction closely mimics that of gravity equation's (which we know work well empirically), the results are not surprising.
What can one hope to learn by further testing such a model if one already knows that it will perform well empirically? First, gravity equation estimation is almost invariably performed in a cross section, while Helpman's study uses a time-series approach. Using variation over time allows him to better address deeper questions. For example, is the rising trade-to-income ratio observed in postwar data due to increasing size similarity? Second, further testing can help put the relevance of monopolistic competition into a more reasonable perspective. Many studies motivate the use of the gravity model by appealing to the underlying framework of monopolistic competition as if it were a foregone conclusion that monopolistic competition is the true source of their results. One of our purposes here is to see whether gravity results pertain even in cases where we think the monopolistic competition framework is inappropriate.
We revisit Helpman's first test and apply more standard econometric methods. Helpman's original graph of 26 points, while a prudent methodology given the small sample size, did not allow him to conduct standard hypothesis tests. The theory holds for country groups of any size. Rather than aggregating over the entire OECD sample, we opt to treat each country-pair in each year as an observation. This yields 91 country-pair observations for each of the 22 years for which we have OECD data . This gives a total of 2002 observations. There are several reasons why, even if the underlying theoretical model is correct, the model might not fit the data exactly in every year for every country-pair. For example, border trade, seasonal trade, trade restrictions that vary across country-pairs, language, and cultural ties may encourage or discourage international trade. Each of these is basically an explanation of trade that is unique to pairs of countries, but orthogonal to GDP. (Of these, trade restrictions are the example for which this assumption is most questionable. We will return to this issue below.) Because these factors are country-pair specific, they can be accurately modeled as a country-pair fixed effect. There are also idiosyncratic reasons why the model might not fit exactly even if the underlying theory is correct. Prominent among these is measurement error in the volume of trade. Indexing country-pairs by i and years by t and taking logs of (1), rearranging yields and Eit is the idiosyncratic component of the disturbance term.
The term ki is capturing the effect of the myriad influences on trade flows that are orthogonal to the included right-hand-side variable. For example, one might expect the p1i for the JapanAustria pair to be quite small or negative; whereas the ii for the Austria-Germany country-pair might be quite high. That is, for reasons that have nothing to do with country size, Austria and Germany trade a lot with one another while Austria and Japan do not. These country-pair fixed effects may be thought of as taking the place of the trade resistance variables that frequently entered the cross-section gravity model results.
Prior to estimating (2), we first plot the right-hand-side variable against the left-hand-side variable. This is our analog to Helpman's graphical test of the hypothesis. The plot, using meandifferenced data to capture the fixed effects, is given in Figure I . This plot of over 2000 country-pair-years shows a clear positive correlation between a measure of trade volume and country size.
We next estimate (2).11 Our base-case estimates are for the fixed-effects estimator. The results are given in the first column of There are several reasons, though, why the fixed-effects estimate of (2) might be misspecifled. For example, we are treating the ,u's as fixed when in fact they may be random. The second column of Table I gives the estimates of (2) when a random-effects estimator is employed, and it makes no difference to the results. Another potential explanation for the remarkable fit of (2) is that the volume of trade and group GDP may be trending upward over the period spanned by the sample. This might be the case, for example, as trade barriers fell in the European Community. We investigate how robust are our estimates to this concern by estimating (2) using (deterministically) detrended data.13 The results are given in the fourth column of Table I . Even after sweeping out trends and all country-pair fixed effects, the results are still strong, as the coefficient on the measure of size dispersion is still quite precisely measured. In the final column of Table II reports the fixed effects estimates. Even for this sample of countries, the particular measure of size dispersion suggested by the theory matters, and it matters in a precisely measured way. The t-statistic drops to 24, but by any conventional standard, this is remarkably significant. Furthermore, the result is robust. When (2) is estimated with NOECD data using random effects, fixed-effects instrumental variables, and detrended data (fixed effects and OLS), the results 14. We also estimated the equations reported in Tables I and II using slightly different specifications in order to test the robustness of the relationship between the volume of trade and a measure of size dispersion. We estimated two alternative specifications based on (1). These are as follows. (i) Estimating In (Vit) = al In (Total GDP)it + (x2Sizeit to investigate whether it is the total GDP variable or the size dispersion index that is driving the correlation. (ii) Estimating In (VT/Total GDP)it = alSize t. For the OECD data set, including total GDP separately, as in (i), yields In (Vit) = 1.290 In (Total GDP)it + 0.976Sizeit, with a t-statistic on the size variable of 28 and of 50 on the GDP variable. Estimating (ii) gave a coefficient of .813 with a t-statistic of 25. Estimates with the NOECD data set are quite similar. We interpret all this to mean that, while total GDP is important (rather sensibly, the trade volume between two big countries is greater than the trade volume between two small countries), the size dispersion index is also very important in these regressions. Table II had been presented prior to  Table I , most would agree that the model fit the data well. We set out to see whether a monopolistic condition model's predictions about the volume of trade provided insights into the theoretical source of the gravity equation. We find that while the model explains trade volumes well, it may actually explain them too well. The predictions hold for a set of countries that we feel fit the assumptions of the monopolistic competition model-goods are differentiated, demands are identical and homothetic-reasonably well. But the predictions also hold for a set of countries that we feel are not appropriately characterized by differentiated goods trade or by identical homothetic demands. The estimated equation works extremely well in both cases, and this causes us to question whether monopolistic competition is the right theoretical justification for it.
This leaves several possible explanations unaddressed. First, it is possible that our ex ante beliefs about the nature of production in the NOECD country set are wrong. That is, perhaps it really is appropriate to think of goods from these countries as also being differentiated. Or perhaps the Armington Assumption really is 15. If the NOECD data set is applied to (2) in logs rather than levels, the magnitudes of the coefficients are similar to those reported for the OECD data set. In particular, In Vit = 2.08 * SIZE with a t-statistic of 20.8 and an R 2 of .792. correct. Second, perhaps our understanding of the role of country size in a traditional Heckscher-Ohlin model is incomplete. It remains an intriguing topic for future research to determine whether one can generate gravity-like results without the assumption of complete specialization in production.
III. A MORE GENERAL APPROACH
In Section II we used a model of monopolistic competition to show how the presence of intraindustry trade results in a specific and testable, but not unique, hypothesis about the bilateral volume of trade. One of the underlying assumptions of that section was that all trade was intraindustry. In this section we relax that assumption and assume that some trade is intraindustry and some interindustry. We then examine how the fraction of trade that is intraindustry varies between countries and over time. '6 Theoretical research into the causes of intraindustry trade can be divided into "small numbers" and "large numbers" explanations, with the label referring to the number of firms. Small numbers models involve intraindustry trade in oligopolistic industries. These models come in many flavors as assumptions concerning homogeneity of product, the firms' strategic variable, and entry conditions vary. It is well-known that the results derived in these small numbers models are often not robust to these varying assumptions. These models, therefore, are of limited use in constructing general country characteristic hypotheses about intraindustry trade.
Large numbers explanations model free entry by firms into increasing returns to scale industries. We turn again to the model we find most convincing, Helpman [1987] , where he shows that the bilateral share of intraindustry trade increases as two countries become more similar in factor composition. 17 The intuition for this is as follows. In a model with homogeneous and differentiated goods, some interindustry trade will be In a two-country, two-factor model with one homogeneous goods sector and one differentiated goods sector, allow both countries to have identical capital-to-labor ratios. Then no trade is motivated by relative factor abundance. That is, INTER = 0, and the intraindustry trade index (IITjk) equals one. Now, perturb the capital-to-labor ratios, holding relative size constant. INTER increases because there is now a reason for trade motivated by factor differences. INTRA will decrease,18 and the above index will decrease as well.
We were careful to note that the reallocation of capital and labor must occur holding relative size constant. We know from Section II that relative size can have an important effect on the volume of trade in differentiated products. A reallocation of capital and labor that widened factor differences and also changed relative size (for example, making the two countries more equal), may actually increase intraindustry trade.
Finally, note that this relationship between the similarity of capital-labor ratios and intraindustry trade has as much, and perhaps more, to do with traditional explanations for trade as it does with monopolistic competition models. Put another way, if we 18. See Appendix 1. are to find empirical evidence of the hypothesized relationship between intraindustry trade and factor differences, it must be that trading patterns are sensitive to factor differences in a way suggested by the Heckscher-Ohlin model. To test the relationship between factor differences and the share of intraindustry trade, Helpman estimated equation (3) Helpman found that the data supported these predictions. In particular, he found a negative and significant correlation between factor differences and the IITjk index, although it weakened toward the end of his sample. 19 There are, however, two potential problems with his approach. One, Helpman uses per capita income as a proxy for factor composition. Two, he does not exploit the panel nature of his data. Two problems are posed by the use of per capita income as a proxy for factor composition. First, it is an appropriate proxy if there are only two factors of production and all goods are traded. As this is probably not the case, we would like to know to what degree a better measure of factor composition might alter the results.
Second, this approach runs afoul of a long-standing debate on whether per capita income is proxying factor endowments or consumer tastes. Linder [1961] hypothesized that manufactured products must first be developed for home markets before they can be exported successfully. Countries with similar demand structures would develop similar goods for home use and later export. If 19. Specifically, the coefficient on his factor differences variable is negative and significant in the first seven years, but becomes insignificant thereafter. Also, the R2 in the regression drops steadily from .266 in 1970 to .039 by 1981.
per capita income is a good gauge of demand, then two countries with similar per capita income will have similar demand, and will produce and export similar goods. Krugman [1980] and Bergstrand [1990] have subsequently demonstrated the importance of taste differences in more rigorous models of monopolistic competition with nonhomothetic demand. The empirical literature has generally interpreted differences in per capita income as a demand side phenomenon, and found good support for a negative relationship between per capita income and intraindustry trade.20 This leads to some confusion as to whether the difference in per capita income is proxying differences in factor composition, as posited by Helpman, or demand structure, as posited by Linder. To address these potential problems with the proxy variable, we alternately employ per capita income and actual factor data to measure differences in factor composition.
We begin by estimating equations similar to (3) Equations (4) and (5) are estimated with ordinary least squares (OLS). IITjk is an index varying between zero and one. We apply a logistic transformations to IIT so that OLS using the transformed variable is appropriate. The results are reported in Tables III and IV.  Table III reports the results of estimating (4). The results are quite similar to Helpman's.24 The coefficient on YDIF is negative in each sample year, but is only significant through roughly half of the sample. The coefficients on MINGDP and MAXGDP are consistent with theory, but only MINGDP is significant. Finally, like Helpman, the explanatory power of the regression drops steadily over time.
Just as in Helpman's study, the relationship between the share of intraindustry trade and differences in factor composition is strongly negative in early years of the sample, but breaks down in later years. Having replicated Helpman's results, we turn to the estimation of equation (5), where per worker income as a proxy for factor composition is replaced with actual factor data.
In Table IV we see that TLDIF is negative and highly significant in all sample years. KLDIF is negative and significant initially, but in later years becomes positive and significant. Also, the explanatory power of the estimates in Table IV tend to exchange agricultural products for manufactures and therefore engage in less IIT. Using actual factor data instead of the proxy yields results more consistent with the theory's predictions.25 However, there are several ways in which the three factors, land, labor, and capital, can be combined into factor difference measures. The theory underlying equation (5) gives little guidance as to which of these factor difference measures to include, and an 25. In earlier versions of this paper we included only two factor variables, capital and labor, and found that KLDIF has little effect. We have included land in the list of factors at the suggestion of referees, and note that its inclusion seems quite important. exhaustive listing of results with all possible combinations is not possible in this space. We generally find that factor differences which account for land tend to be negatively correlated with HIT. We noted above that we saw two ways in which one might improve upon Helpman's approach. The first was to use actual factor data, rather than a proxy. This change in specification changed the results in important ways. The second potential improvement is to take advantage of the panel nature of the data.
By estimating equations (4) and (5) year by year, we ignore the possibility that the reason the model does not fit exactly may be correlated over time for a given country-pair. That is, for reasons outside of the model and resulting specification, intraindustry trade between Japan and the United Kingdom might always be quite low relative to the sample as a whole. Here, the theory provides some guidance. The comparative statics exercise in question takes two countries, and, holding other things constant, perturbs their relative factor endowments. The natural experiment this suggests is to examine the relationship between intraindustry trade and factor differences as they change over time for a given country-pair. By looking only at cross-sectional variation, the "holding other things constant" assumption is far less tenable. This approach may be especially important if much of observed intraindustry trade is due to idiosyncratic differences between country-pairs that do not change much over time. Examples of such time-stationary idiosyncratic differences might include geography, seasonal trade, cultural and language ties, and trade barriers.26 For example, in the cross section we try to ascribe the variability in intraindustry trade between Germany-Austria and intraindustry trade between Japan-United Kingdom to differences in their relative factor endowments. If Germany and Austria are more similarly endowed than are Japan and the United Kingdom, we expect them to have more intraindustry trade. However, it may be that the "similar factor" effect is swamped by the fact that Germany and Austria are next door to one another while Japan and the United Kingdom are thousands of miles apart, or that Germany and Austria belong to a customs union.
Unfortunately, this approach poses a problem: factor difference measures that include land show very little variation over time for a given country-pair.27 As a result, even though the land measures were quite important in explaining cross-sectional variation in intraindustry trade, we cannot use them directly to explain its time series variation. Put another way, land endowments themselves are perfectly collinear with, and factor difference measures like TLDIF are highly collinear with, country-pair dummies. In spite of this, we feel that there is much to be learned by taking advantage of the panel nature of the data. We return to the role of land endowments later in this section. Loertscher and Wolter [1980] ) have tried to capture these effects with dummy variables, and consistently found them to be significant. 27. That is, even though capital endowments may be changing over time, our data show that differences in capital-to-land ratios are highly stable.
Previous cross-sectional studies (see
To examine the relationship between intraindustry trade and factor differences over time, we pool our 22 years into a single panel. We first estimate a panel data version of (5) in order to pick up both cross-sectional and time series variation in IITjk Finally, we estimate the equations using per worker income differences instead of capital per worker differences. (See the equations in Table V .) The OLS results using either income per worker or capital per worker as a regressor are reported in the first two columns of Table V. The results differ considerably depending on which regressor is included. The income per worker variable is negative and highly significant, while the capital per worker variable is not significantly different from zero. These results are generally consistent with those reported in Tables III and IV.28 For both OLS regressions the coefficient on MINGDP is consistent with theory and precisely estimated, while the coefficient on MAXGDP is not precisely estimated in the regressions using income differences.
Fixed-effects estimators are presented in the third and fourth columns of Table V. Recall that these estimates sweep out all country-pair specific effects. The coefficient on the income differences variable, YDIF, is now positive and quite significant, whereas 28. That is, the coefficient on YDIF is negative and significant throughout, while the coefficient on KLDIF goes from negative to positive in later years, resulting in an ambiguous effect over the whole sample. before it was negative and very significant. In the regression using capital per worker, the factor difference variable, KLDIF, is both positive and significant. For both regressions, MINGDP and MAXGDP are as before, and the explanatory power of the regressions increases substantially. It is also interesting to note that when country dummies are employed in the regressions, the R2 jumps to around .96.
We speculated above that there may be reasons why the model does not fit exactly that are correlated over time for a given country-pair. Further, we noted that this could be especially important if much of the variability in intraindustry trade was explained by idiosyncratic differences between country-pairs. The fixed-effect regression results appear to bear this out. Country-pair dummies seem to explain a tremendous proportion of the variation in our intraindustry trade index.29 Further, when country-pair effects are swept out, the coefficient on one measure of factor differences goes from being insignificantly different from zero to being significantly positive, while the coefficient on the other 29. One interpretation of this result is simply that the fixed effects are picking up differences in land endowments. We return to this issue below. measure goes from being a precisely measured negative estimate to a quite significant positive estimate. Hence, accounting for fixed effects yields precisely estimated results exactly counter to those implied by the theory.
Fixed-effects estimation treats the Vik's as fixed constants over time. If they are random variables instead, a random-effects estimator is appropriate. The results for the random-effects estimates are reported in the final columns of Table V. The randomeffects estimator can be thought of as lying between the within and between estimators, and hence makes use of variation both between country-pairs and within country-pairs over time. The random-effects regression results are similar to the fixed-effects results. Coefficients on the factor differences variables are (still) positive and significant in both regressions, although the explanatory power of the regressions drops a small amount. The basic message of the fixed-effects estimates-that country-pair effects drastically change the empirical role of factor differences-also comes through clearly with random-effects estimates.
Because sensitivity analyses are important, we investigate how robust our results are to reasonable alternative specifications. Whereas the test described in Section II revolved around a structural equation, this test employed a reduced-form regression. That is, the theory does not dictate the appropriate specification. It only informs one of the variables that ought to enter the specification. While we have followed Helpman in estimating Table III-V using a semi-log specification, there is no theoretical justification for this particular specification; hence we experiment. We begin by estimating (6) and (7) in levels, and these results are reported in the first two columns of Table VI. Estimating in levels does not appear to change the punch line. MINGDP and MAXGDP are included largely as size effect controls. Since we do not know how they covary with the factor differences variable, we want to see how the coefficients on KLDIF and YDIF change when MINIMAXGDP are omitted. Dropping MINGDP and MAXGDP reduces the significance of the factor differences variable, and the R2 drops to about zero. Hence, while MINGDP and MAXGDP may be of secondary importance in the underlying theory, they are very important in the empirical work.
It may be the case that cross-sectional estimates which impose a linear relationship between KLDIF and IIT fit less well in later years because the relationship is, in fact, nonlinear. To begin to investigate this, we include a quadratic term for KLDIF and for Same specification as equation (7) t-statistics are in parentheses. The reported R2 in the fixed effects models is that for the regression using mean-differenced data. (6) and (7). For KLDIF, we find that the OLS coefficient on the linear term is negative while that on the quadratic term is positive. Evaluating the net effect of factor differences or GDP per worker differences on IIT in the neighborhood of the data indicates that IIT covaries negatively with the factor differences. However, the fixed-effects estimates show that both the linear and quadratic KLDIF terms are about zero. When income differences proxy for factor differences, the OLS coefficient on the linear term is positive and that on the quadratic term is negative. The sign pattern is exactly opposite in the fixed-effects case. However, evaluating the net effect in the neighborhood of the data indicates that per worker income differences covary positively with IIT with both the OLS and fixed-effects estimators.
YDIF in equations
It appears that the results presented in Table V are robust to some other reasonable specifications. In the year-by-year cross-sectional regressions, and in the OLS regressions with pooled years, our measures were either negative and significant (YDIF), or insignificant (KLDIF). When we estimate country-pair dummies and remove all the cross-sectional variation, the coefficient for both measures becomes positive and significant. Why is this?
One explanation might be that we have very little time series variation in the right-hand-side variables, KLDIF and YDIF. That is, relative capital-labor ratios for a given country-pair do not change much over time, so that when we sweep out cross-sectional variation, there is nothing left for IIT to vary against. However, an analysis of variance (ANOVA) shows that 58 percent of the total variation in KLDIF is between country-pairs (cross-sectional variation), and 42 percent is within country-pairs (time series variation). The ANOVA for YDIF shows that 65 percent of the variation is between, and 35 percent within. In both cases, it would appear that there remains sufficient variation after mean-differencing to give interesting results.
The second explanation is that the industry classifications in the trade data are far noisier than are supposed in the simple theoretical model. Thus far, we have uncritically accepted the SITC categories as appropriate definitions for industries. There is some danger that, by measuring intraindustry trade with SITC classifications, our results are subject to an aggregation problem (see Finger [1975] ). For example, SITC categories sometimes group goods with similar consumption uses, but different factor inputs. Trade within this "industry" would be measured as intraindustry, when in fact it is motivated by relative factor abundance. The reverse is true when SITC categories fail to group goods that ought properly be considered an industry, i.e., SITC 7361 (metal cutting machine tools) and SITC 7362 (metal-forming machine tools). When SITC classifications fail to capture appropriate industry definitions, the sign on the factor differences variable becomes ambiguous. The difficulty with this explanation is that there is no necessary reason why factor differences and intraindustry trade should be negatively correlated in cross section, and positively correlated in time series. Put another way, if the classification problem were to bias our estimates, the bias should not vary depending on whether our variation is cross-sectional or time series. Indeed, this offers another plausible reason for preferring a fixed-effects estimator. If the bias in the data due to inappropriate aggregation is constant over time, it will be swept out when we mean-difference the data.
A third possible explanation emphasizes the role of geography. (7), we sweep out the constant effect of geography on intraindustry trade. Only the correlation between intraindustry trade and factor differences, independent of geography, remains, and it is no longer negative as predicted by theory.
One can begin to evaluate the relevance of some of these explanations by examining the magnitude of the estimated fixed effects from (7). In Table VII we report some normalized countrypair intercepts. The left panels of the table show country-pairs with large intercepts (at least one standard deviation above the mean) implying large amounts of intraindustry trade. Two things are remarkable. One, Ireland appears as one of the countries in five of the top seven pairs. These intercepts come from a regression that included variables for relative size (MINGDP and MAXGDP). When we reestimate equation (7) without the size variables, Ireland is no longer among the country-pairs with large intercepts, and in fact, can be seen as a low-end outlier in some cases. This seems to indicate that size adjusts these estimates in important ways, and that Ireland, given its small size, has an especially large amount of intraindustry trade. This may be because of Ireland's Large intercepts are defined as one standard deviation above the mean, while small intercepts are one standard deviation below the mean. Intercepts are normalized around zero for purposes of this table.
tax policies with respect to multinational corporations. Also, of those country-pairs that do not include Ireland, nearly all share a border.
The right panels of Table VII contain country-pairs with very small intercepts (at least one standard deviation below the mean) and hence imply very little intraindustry trade. Fourteen of the fifteen country-pairs include either Canada, Japan, or the United States. Of the countries in our OECD sample, these are the only three outside of Europe, suggesting that perhaps oceans matter. The difficulty with interpreting these intercepts, though, is that they contain more than geographical information. Anything affecting intraindustry trade that is specific to country-pairs and does not change much over time will be captured in them. This might include geography, culture and language, trade barriers, or endowments of land, which mattered greatly in our cross-sectional results. For example, in the results reported above, one cannot ascertain whether Canada and the United States have low levels of intraindustry trade with their partners because they are geographically distant, because they are outside the European customs union, or because they have very different land endowments. Large intercepts are defined as one standard deviation above the mean, while small intercepts are one standard deviation below the mean. Intercepts are normalized around zero for purposes of this table.
To address this confusion of effects, we regressed our HIT index on land variables30 in order to sweep out the effect of relative land endowments, and used the residuals from this regression as the dependent variable in a reestimation of equation (7). Very large and very small country-pair intercepts are reported in Table VIII . When comparing these with Table VII, it is remarkable that the outliers are very similar before and after sweeping out land effects. Put another way, controlling for land endowments does not change our notion of which countries have particularly large or small levels of intraindustry trade.
We repeat this strategy, this time regressing our HIT index on land and distance variables,31 and using the residuals as the dependent variable in a reestimation of equation (7). Outliers are 30 . This has been done variously with factor difference measures that include land (i.e., TLDIF and TKDIF) and with differences in land alone. Results are robust.
31. We interact a distance variable with year dummies and use these interaction terms to control for distance. This allows distance effects to change over time and reflect changing transport costs. reported in Table IX . The contrast between this table and the two previous is notable. The six largest country-pairs include the United States, and eleven of the largest thirteen include the United States or Japan. Prior to controlling for distance effects, these countries were seen as low-end outliers; after, they are seen as high-end outliers. These results are also robust to an estimation that controls for distance but not land effects.
Finally, to further address the competing effects of land endowments and distance, we include a distance variable in our estimation of equation (5). We report the results in Table X , and compare them with those in Table IV . We see that the coefficient on DISTANCE is negative and highly significant. TLDIF (differences in land-to-labor ratios) is negative as in Table IV , but the significance of the estimates is reduced, especially in the later years. The explanatory power of the estimates that include DISTANCE is much higher than that of the estimates that do not. As noted earlier, there are a large number of combinations of factor difference variables we might include in estimating equation (5), and that only TLDIF and TKDIF had previously been negative and significant. After including DISTANCE in the estimation, only TLDIF retains any significance, and even that is much reduced. These results all suggest that the distance between trading partners is quite important in understanding intraindustry trade both in cross-section and time series. In this section we tested the relationship between the share of intraindustry trade and factor differences. Existing studies employ per capita income as a factor proxy, utilize cross-sectional analysis, and find a negative correlation between intraindustry trade and factor differences. We find initially that using actual factor data provides even stronger evidence of this negative correlation in the cross section, although this holds only for certain factor measures that include land. We investigate the behavior of intraindustry trade over time, and find that is largely explained by country-pairspecific effects, not by time-varying factor measures. We attempt to decompose the country-pair effects into land and distance effects and find that the distance effect seems to be much stronger. We also investigate the competing effects of land and distance using cross-section tests, and again find distance to have a greater influence.
IV. INCONCLUSIONS
From the outset, our goal has been to test some hypotheses generated from a formal model of monopolistic competition and international trade. Previous tests had been encouraging. Studies that were not especially informed by the theory of monopolistic competition and international trade still found reasonable correlates of indexes of intraindustry trade. A study that was directly guided by the theory also found encouraging support for the theory. After reconsidering the evidence, we are not so sure.
The first test presented in this paper seems based on very unrealistic assumptions, but the theory passes with flying colors. We found that the volume of trade is well explained by a theoretically well-motivated index of the size similarity of trading partners. When confronted with data for which the theory is probably quite inappropriate, it still passes with high marks. Adding country-pair fixed or random effects, allowing for linear trends in the data, and accounting for issues of econometric endogeneity of regressors do not alter this conclusion. The relative unanimity of our results suggests that something other than monopolistic competition may be responsible for the empirical success of the gravity model. The second test we conducted allows a more reasonable underlying theoretical structure, but we find, at best, very mixed empirical support for the theory. Instead of factor differences explaining the share of intraindustry trade, much intraindustry trade appears to be specific to country-pairs. Further investigation suggests that distance is especially important to this relationship.
The results of the first test leave us genuinely puzzled. The results of the second test leave us, on the one hand, pessimistic. If much intraindustry trade is specific to country-pairs, we can only be skeptical about the prospects for developing any general theory to explain it. On the other hand, these results suggests ways in which one might refine the theory to better fit the data. Distance, and possibly tax policy toward multinationals, are empirically important variables that are not well accounted for in the simple models we tested.32
The theory of monopolistic competition and international trade is elegant and seems to address important aspects of reality. We hope our results also motivate others to investigate the empirical relevance of the theory, for, as promised in the introduction, we provide few answers.
APPENDIX 1
Note. Most of this Appendix is taken from work by Elhanan Helpman. It is reported here for reference purposes only.
Theoretical Background for Section II
Consider an economy with two countries, two factors (K and L) and two sectors (X and Y). Suppose that X and Y are differentiated products with an increasing returns to scale technology. Monopolistic competition prevails so that with free entry, equilibrium is characterized by a large number of firms, each producing a unique variety of X and making zero profits.
Let X and X* denote total production of good X in the home and foreign country, respectively. The number of firms is given by n = Xix, where x is the number of home varieties and similarly for the foreign country.
Assume identical homothetic preferences and a utility function that rewards variety. Then, with costless transport, every variety of every good will be demanded in both countries. Further, each country will consume an amount of each variety proportional to its share in world GDP, GDP. 
Theoretical Background for Section III
Now allow X to be differentiated (as before) and Y to be a homogeneous good produced with constant returns to scale. Assume that X is capital intensive and that the home country is relatively capital abundant. Then there will be two-way trade in the X good. Also, the home country will be a net exporter of X and an importer of Y. In Figure II To see this, consider a factor reallocation from endowment point El to E2 in Figure III . We are above the diagonal at El, so the home country is relatively capital abundant. The move to E2 further widens the gap between the home country's and the foreign country's capital-to-labor ratios. Also, since the move takes place along the wage-rental line, relative size is unchanged. We now ask, what happens to our intraindustry trade index?
Since incomes and preferences are unchanged, each country consumes exactly what it did before (the value of which is given by point C). The only thing that has changed is the location of production. The home country produces more X, and the foreign country produces more Y. Since total endowments in the world economy have not changed, dX = dX + dX* = 0. Hence, dX = -dX*, and similarly dY = -dY*. Since we remain in the factor price equalization set, prices are unchanged; dp = 0. Finally, by construction, relative size has not changed; ds = ds* = 0.
We wish to sign the change in (A4) that occurs as a result of this reallocation. In the numerator, s*pX is larger, but spX* is smaller, so the numerator decreases. For the denominator, take It comprises exports from countryj to country k, plus exports from country k to countryj, summed over industries i. The U. N. Trade Database contains both countryj's report of its exports to country k, and country k's report of its imports from j. On the assumption that the importing country keeps better track of trade flows crossing its borders, we use the importing country's reported data. However, we have repeated tests in Sections II and III using importer and exporter data without much change in the reported results.
RGDPW is per worker GDP in constant 1985 international prices (chain index). It is used to construct YDIF.
For the second test we use GDP, measured in 1985 international prices. This is used to construct MINGDP and MAXGDP.
Factor Data
Factor data are used in the first test in the instrumental variables specification. Population data from the World Bank World Tables are used to proxy labor force. Our capital stock series has been constructed using the third method described in Appendix B of Leamer [1984] . Gross Domestic Investment, exchange rates (yearly average), and the GDP deflator, are taken from World Tables. Land endowments data are taken from Leamer [1984] and consist of land2 + land3 + land4. Distance is computed based on the latitude and longitude of the capital cities. Investment flows are converted year by year into dollars, deflated using the U. S. GDP deflator, then summed over years and depreciated appropriately.
This gives a capital stock for each year from 1962 to 1983, with accumulated investment flows denominated in the relevant year. That is, the 1970 capital stock is an accumulation of investment flows valued at 1970 prices. The World Tables Gross Domestic Investment series begins in 1960, so we assumed an initial capital stock for each country equal to 250 percent of its GDP in 1960. We assume a constant depreciation rate of 13.3 percent. This gives an asset life of fifteen years. We have constructed different series using different initial assumptions, and the first test results reported here are insensitive to these assumptions.
For the second test we require capital stock data valued in constant dollars. Leamer [1984] 
